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(57) Abstract: (-onirolling the production of a 
liquefied natural gas (3 1) compiises measuring 
ihe iem|x:raturc (50) and Ihe How rate (55) of 
the liquefied natural gas (31); maintaining the 
How rate of the heavy mixed rcfrigcrani (60a) 
ai an operator manipulated set point (80), and 
dcicrmining the How rale ol'the light mixed rc- 
frigeranl (86 ) from (i) the How rale of the heavy 
mixed refrigerant (80) and (ii) an operator ma- 
nipulated set point for the ratio of the How rate 
of the heavy mixed refrigerant to the How rale 
of the light mixed refrigerant (81); determin- 
ing a dependent set point (91) for the ratio of 
the flow rate of the liquefied natural gas to the 
flow rate of the heavy mixed refrigerant such 
that Ihe temperature (50) of the liquefied nat- 
ural gas is maintained at an operator manipu- 
lated set point (90); determining a dc^xindcnt 
set point (95) for the How rate of the hqucfied 
natural gas (95) from (i) the dependent set point 
(9 1 ) for the ratio of the flow rate of the lique- 
fied natural gas product sircam to ihc flow rale 
of ihc heavy mixed refrigerant and (ii) ihc flow 
mle of the heavy mixed refrigerant (60c); and 
maintaining the (low rate of the liquefied natu- 
ral gas (55a) al ils depcndeni set poxni (95). 
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CONTROLUHG THE PRODUCTION Or . UOUCrlBO »TUR.L GAS 

PRODUCT STREAM 

^■^r. relates to controlling the 
The present invention relates to 

p.oauction Of a U.uef.e. natural .as product strea. 
Ltained by removing heat from natural gas xn a heat 
obtained by ,,,ural qas passes through one set 

L whprein the natural yao 

:r;r .tea . ..u s.. . .a. ...... 

I„ the heat exchanger, the natural gas xs - 
hit exchange -itH expan.ea heavy .i.ea refrigerant and 
„p,„ded light .ixed refrigerant. The heavy ..xed 
refrigerant and the light »lxed refrigerant "-1^" - 

Closed refrigeration cycle, which Includes the shell 
side of the heat exchanger, a compressor, a coo er 
„tor two additional sets of tubes in the heat 

g 'andtwo expansion devices debouching into the 
1 rde, wherein the heavy .Ixed refrigerant and the 
ight .ixed refrigerants are produced as the Irgurd 
product and the vapour product fro. the separator, 
r spectively. In the shell side of the heat exchanger, 

ight Lxed refrigerants are allowed to evaporate so as 

one set of tubes and fro. the heavy and Ught .rxed 
refrigerant passing through the two additional sets of 

"^hrh::: » spool-ound heat exchanger 

- ^ - - '-Tersr:: :rr:rrrfrt:i^ 
::::::: r::::::^::^ r 

^ r^fpr to the warm side ot cne 
tube bundle are used to refer to 

heat exchanger. 
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European patent application publication No. 893 665 
discloses in Figures 4 and 5 a method of controlling the 
production of a liquefied natural gas product stream, 
which method comprises the steps of: 
5 a) measuring the flow rate and the temperature of the 

liquefied natural gas, and measuring the flow rates of 
the heavy mixed refrigerant and of the light mixed 
refrigerant; 

b) maintaining the flow rate of the liquefied natural 

10 gas product stream at an operator manipulated set point 

and maintaining the temperature of the liquefied natural 
gas product stream at an operator manipulated set point, 
wherein maintaining the temperature of the liquefied 
natural gas product stream at its operator manipulated 

15 set point comprises the steps of: 

bl) determining a dependent set point for the total mixed 
refrigerant flow rate, the dependent set point being the 
sum of (i) an incremental change of the flow rate of the 
total mixed refrigerant to offset a difference between 

20 the temperature of the liquefied natural gas product 

stream and the operator manipulated set point for the 
temperature and (ii) the product of the operator 
manipulated set point for the flow rate of the liquefied 
natural gas product stream and the ratio of the flow rate 

25 of the total mixed refrigerant to the flow rate of the 

liquefied natural gas product stream (which ratio has a 
given value) ; 

b2) determining a dependent set point for the light mixed 
refrigerant flow rate that is equal to the dependent set 

30 point for the flow rate of the total mixed refrigerant 

divided by the sum of 1 (= unity) and the operator 
manipulated set point for the ratio of the flow rate of 
the light mixed refrigerant to the flow rate of the heavy 
mixed refrigerant, and determining a dependent set point 

35 for the heavy mixed refrigerant that is the difference 
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•^+- fnr t-he flow rate of the 

rr.:;:r.r;:: .... 

the heavy n.i.ed refrigerant £lo" rate at 

rri. .ethod the £lo« rate of the Ucuet.ed natural 
In this metn ^,^.„re are independently 

aas product stream and its temperature P 
d and the flow rate of the total mxxed 
controlled, and .^.iable. As a consequence, 

£ '^^r-ant is a dependent variaoie. 
refrigerant is a turbines that drive 

the maximum available power 

the compressors cannot - -^-'^^^tl^, ,„„.„tlon to 

It is therefore an object ot y 
p.ovide a method of controlling the production of a 
H natural gas product stream wherein the 
5 liquefied natural gas p product stream 

temperature of the liquefied natural gas P 
and the flow rate of the mixed refrigerant are 

. .h that the flow rate of the liquefied 
controlled, such that tne r „^riable 
J t- «frpam is a dependent variaDie. 

""ta::: :::::: controu., the .rod„ct.on 

= ° :u,uetred natural ,as — fn 

— ' ^Trr/in'^arrettrat ::cha:,e „Uh 

Which the natural gas rs 

„ ;:rr.rrr.;:rr;:r.; 

the steps of: ^ ^j.^g 

.inn the temperature and the flow rate or 

a) measuring the temp measuring the 
liquefied natural gas product stream a 

flow rates of the heavy mixed refrigerant and of 

light mixed refrigerant; refrigerants 

b) selecting the flow ,,,,.,erant 
/the heavy mixed refrigerant, the lig 

Tthe toLl .l.ed refrrgerant, to have an oper 

^anrpulated se. ^^^''^■J"l^::^Z . Heav .Led 
35 signal for adjusting the flow rate 
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refrigerant and a second output signal for adjusting the 
flow rate of the light mixed refrigerant using (i) the 
operator manipulated set point for the flow rate of the 
one of the refrigerants, (ii) the flow rates of the heavy 
5 and light mixed refrigerants and (iii) an operator 

manipulated set point for the ratio of the flow rate of 
the heavy mixed refrigerant to the flow rate of the light 
mixed refrigerant; 

c) adjusting the flow rates of the heavy mixed 

10 refrigerant and the light mixed refrigerant in accordance 

with the first and second output signals; 

d) determining a dependent set point for the ratio of 
the flow rate of the liquefied natural gas product stream 
to the flow rate of one of the refrigerants such that the 

15 temperature of the liquefied natural gas product stream 

is maintained at an operator manipulated set point, and 
determining a dependent set point for the flow rate of 
the liquefied natural gas product stream using (i) the 
dependent set point for the ratio of the flow rate of the 

20 liquefied natural gas product stream to the flow rate of 

the one of the refrigerants and (ii) the flow rate of the 
one of the refrigerants; and 

e) maintaining the flow rate of the liquefied natural 
gas product stream at its dependent set point. 

25 The method of the present invention permits 

continuous maximum utilization of the available power to 
drive the compressors in the refrigeration cycle, because 
the operator can manipulate the set point of the flow 
rate of one of the refrigerants and the ratio of the flow 

30 rates of the heavy mixed refrigerant to the light mixed 

refrigerant. 

The invention will now be described by way of example 
in more detail with reference to the accompanying 
drawings, wherein 
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Figure 1 sho»s schematically a £lo" scheme o£ a 
ii,„efactio„ Plant proviaed with means for carryxn, cut 

the present invention; .iternative control 

Figure 2 shows schematically an alternati 

Jor the liquefied natural gas product stream; and 
Figure 3 shows schematically an alternatrve 

embodiment o£ the invention. , , 

ii,uefyin, natural gas comprises a heat — 
having a shell side 5. In the shell srde ,r arranged 

^ ^ = T 10 and 11. The plant further 

t-hree tube bundles 7, lU ana n. f 

:::;:ises a compressor 1. driven by a suitable driver IS, 
a refrigerant cooler 18 and a separator 20. 

Ouring normal operation, natural gas is supplied at 
3 li,u action pressure through conduit 30 to t he irs 

' rube bundle . In the heat exchanger 2. The natural gas 

aowing through the first tube bundle ^ - -° 
liguefied and sub-cooled. The sub-cooled liguefi.d 
„ tur gas flows out of the heat exchanger 2 through 
r 31 The conduit 31 is provided with an expansion 
20 conduit 31. The con (optionally 

device in the form of a flow control valve 33 I P 

„ i-„rhlne not shown) to control 

r :::: ratronrrjrniturai gas product stream 

• i-hP liauefied natural gas product 

and to allow storing of the liqueri.e 

25 stream at about atmospheric pressure. 

Mixed refrigerant used to remove heat from the 
.tural gas in the heat exchanger Z c-ulates t ^ a 

closed refrigeration cycle. The closed refrigeration 
closea y ^^^^ exchanger 2, 

e,cle includes f ^ cooler IB 

conduit 40, the compress 1 ^^^^^^^^ 
arranged in the conduit 41, the sep 
and 43 the two tube bundles 10, 11 m the heat 

hanger 2 and conduits 44 and 45 debouching into the 
exchanger 2, ana c provided with 

shell side 5. The conduits 44 and 45 are pr 

• form of flow control valves 46 

expansion devices in the form ot 
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and 47. The flow control valves 46 and 47 can optionally 
be preceded by an expansion turbine, not shown. 

The gaseous refrigerant, which flows from the shell 
side 5 of the heat exchanger 2 is compressed by the 
5 compressor 15 to a high pressure. In the cooler 18 the 

heat of compression is removed and the mixed refrigerant 
is partially condensed. Cooling and partial condensation 
of the mixed refrigerant may also be done in more than 
one heat exchanger. In the separator 20, the mixed 

10 refrigerant is separated into heavy mixed refrigerant and 

light mixed refrigerant, which are the liquid product and 
the vapour product, respectively. 

Heavy mixed refrigerant is passed through the 
conduit 42 to the second tube bundle 10, in which it is 

15 sub-cooled. Light mixed refrigerant is passed through 

conduit 43 to the third tube bundle 11, in which it is 
liquefied and sub-cooled. 

Sub-cooled heavy mixed refrigerant and light mixed 
refrigerant are passed via the flow control valves 46 and 

20 47 into the shell side 5, where they are allowed to 

evaporate at a low pressure so as to remove heat from the 
natural gas in the first tube bundle 7 and from the 
refrigerants passing through the additional tube 
bundles 10 and 11. 

25 According to the present invention the production of 

the liquefied natural gas product stream is controlled in 
the following way. 

First of all the temperature and the flow rate of the 
liquefied natural gas product stream flowing through the 

30 conduit 31 are measured. The temperature measurement 

signal, referred to with reference numeral 50, is passed 
to a temperature controller 52. The flow rate measurement 
signal, referred to with reference numeral 55 is passed 
to a first flow rate controller 56. 
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I„ addition, the flow rates ot the heavy mxed 
refrigerant and o£ the light »ixed refrigerant passing 
through conduits 4, and 45. respectively are measured. 

heavy ™ixed refrigerant flow rate -^""^ 
signals, referred to with reference numerals 60a, 60b 
e c passed to a second flow rate controller 61, to a 

irlt ow ratio controller 62 and to a second flow ratro 
controller 63, respectively, the Ught »iKed refrrgerant 
low rate measurement signal, referred to with reference 
, 65 is passed to a third flow rate controller 66. 
1 numeral 65 is passeo i. „i-es of 

The next step comprises controlling the flow rates 
the refrigerants. « first, the flow rate of one of the 
refrigerants (the heavy mixed refrigerant, the light 
mixed refrigerant or the total mixed refrigerant, rs 
selected to have an operator manipulated set pornt. In 
' h e mbodiment of ngure 1 the heavy mixed "-i^"'" 

elected to have an operator manipulated set pornt, whrch 
is a set point signal referred to with reference 
numeral BO that is supplied to the second flow rate 



20 



controller 61. . ^ 

The flow rate of the heavy mixed refrrgerant 
controlled using (i) the operator manipulated set 
point 80 for the flow rate of the heavy mixed refrrgerant 
and ,ii> the measured flow rate 60a of the heavy mixed 

" ""rrfre^nce .etween the measured flow rate 60a of 

,he heavy mixed refrigerant and its operator manrpula ed 

generate an output signal 84 that adjusts the posrtr of 
the flow control valve 46. The adjustment rs such 
the absolute value of the difference is below a 
predetermined norm. 

The flew rate of the light mixed "'"^"-^ 
eontrolled using U, the measured flow rates 60b d 6 
of the heavy and the light mixed refrigerant and ,rr, 
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operator manipulated set point 81 for the ratio of the 
flow rate of the heavy mixed refrigerant to the flow rate 
of the light mixed refrigerant. 

The first flow ratio controller 62 divides the 
5 measured flow rate 60b of the heavy mixed refrigerant by 

the operator manipulated set point 81 for the ratio of 
the flow rates of heavy mixed refrigerant and light mixed 
refrigerant to generate an output signal 85 that is the 
dependent set point for the third flow rate 

10 controller 66. Then a difference between the measured 

flow rate 65 of the light mixed refrigerant and its 
dependent set point 85 causes the third flow rate 
controller 66 to generate a second output signal 86 that 
adjusts the position of the flow control valve 41. The 

15 adjustment is such that the absolute value of the 

difference is below a predetermined norm. In an 
alternative embodiment (not shown) a difference between 
the ratio of the measured flow rate 60b of the heavy 
mixed refrigerant to the measured flow rate 65 of the 

20 light mixed refrigerant and the operator manipulated set 

point 81 for this ratio, causes the first flow ratio 
controller 62 to generate an output signal 85 that is the 
dependent set point for the third flow rate 
controller 66. Then a difference between the measured 

25 flow rate 65 of the light mixed refrigerant and its 

dependent set point 85 causes the third flow rate 
controller 66 to generate a second output signal 86 that 
adjusts the position of the flow control valve 47. The 
adjustment is such that the absolute value of the 

30 difference is below a predetermined norm. 

In this way the flow rates of the heavy mixed 
refrigerant and the light mixed refrigerants are 
controlled . 

Secondly the temperature of the liquefied natural gas 
35 product stream is controlled. To this end, a dependent 
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3et point fo. the ratio of t.e fiow rate of the U.uefie. 
natural ,a3 product .trea. to tha fXow rate of one of he 

e ri,er nta ,in this ca.e the heavy ^iKed "frr,erant 
Is determined such that the temperature of the Ir.uef.ed 
natural gas product steam is maintained at an operator 
: pulated set point. The operator manipulated set por t 
for the temperature of the U.uefied natural ,a= product 
strea. is a set point signal referred to wrth reference 
numeral 90 that is supplied to the temperature 

controller 52. ^ 4.u^ 

A difference between the temperature 50 of the 
licuefied natural c,a3 product strea. and its operator 
manipulated set point SO causes the --P'"-" 
controller 52 to generate an output signal that rs 
dependent set pornt 91 for the second flow ratio 
controller 63. Using the measured flow rate 60c of 
heavy mixed refrigerant the second flow ratro 
controller 63 generates an output signal 95 that is the 
e ndent set point for the flow rate of the li.ue red 

A riifff^rence between the 
natural gas product stream. R difference 

measured flow rate 55 of the liquefied natural gas 
p cduct stream and its dependent set point 95 causes the 
first flow rate controller 56 to generate an output 

gnal 96 that adjusts the position of the flow control 
Talve 33. The adjustment is such that the absolute value 
of the difference is below a predetermined norm. 

Xn this way the flow rate of the liguefied natura 
product stream is controlled rn such a way tha the 
temperature of the liguefied natural gas product stream 
is maintained at its operator manipulated set P-«- 

advantage of this control method is that the flow 
.ate Of the liguefied natural gas product stream is 
adjusted to maintain the temperature of the product 
stream at its operator manrpulated set point rn he form 
trim control. Moreover, because the operator can 



20 



30 



35 



wo (M/81845 



- 10 - 



PCT/EPO 1/0466 1 



manipulate the set point 80 for the heavy mixed 
refrigerant flow rate and the set point 81 for the ratio, 
the available power of the driver 16 can be fully 
utilized . 

5 It may be necessary to override the above-described 

temperature control. If that is the case, the above way 
of controlling the flow rate of the liquefied natural gas 
product stream is overridden by determining a dependent 
set point for the flow rate of the liquefied natural gas 

10 product stream such that the temperature of the liquefied 

natural gas is maintained at an operator manipulated set 
point. In this case, the temperature controller 52 works 
directly on the first flow rate controller 56. 

There are two alternatives for controlling the flow 

15 rates of the refrigerants. In the first alternative, the 

flow rate of the light mixed refrigerant is selected to 
have an operator manipulated set point. The method then 
comprises generating a second output signal for adjusting 
the flow rate of the light mixed refrigerant using the 

20 operator manipulated set point for the flow rate of the 

light mixed refrigerant, and generating a first output 
signal for adjusting the flow rate of the heavy mixed 
refrigerant using (i) the measured flow rates of the 
heavy mixed refrigerant and of the light mixed 

25 refrigerant and (ii) an operator manipulated set point 

for the ratio of the flow rate of the heavy mixed 
refrigerant to the flow rate of the light mixed 
refrigerant . 

In the second alternative the flow rate of the total 
30 mixed refrigerant is selected to have an operator 

manipulated set point. The method then comprises 
generating a first output signal for adjusting the flow 
rate of the heavy mixed refrigerant and a second output 
signal for adjusting the flow rate of the light mixed 
35 refrigerant using (i) the operator manipulated set point 
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£„. the flow r,te of the total n,ixed tefri,e„nt. (ii) 
the measured flow rates of the heavy and U,ht ..xed 
e tlge.ants and .iU, an operator manipulated set pornt 

.e.eral alternatives for controlUn, the , 
temperature of the liquefied natural P---;;";^- 
:n the first alternative, a dependent set porn for 
„tio of the flow rate of the liquefred natural gas 
product stream to the flew rate of the light .l.ed 
refrigerant is determined such that the temperature of 
the liguefled natural gas product stream Is marntarned at 

i,,„d set point. The method then 
the operator manipulated set porn 

comprises determrning a dependent set pornt for the flow 
„te of the liguefled natural gas product stream u ng 
a, the dependent set point for the ratio of the flow 
1 Of the llgueflea natural gas product " - 

flow rate of the light mixed refrigerant and (rr 
measured flow rate of the light mlKed refrigerant. 

„ the second alternatrve a dependent set porn for 
the ratio of the flow rate of the liguefled natural gas 
product stream to the flow rate of the total mr.ed 
Lfrrgerant Is determined such that the temperature of 
the liguefled natural gas product stream is mam arned at 
tne operator manipulated set point. The method then 
olp ses determining a dependent set point for the f ow 
„te of the liquefied natural gas product stream us g 
,i, the dependent set point for the ratro of the flow 
:L Of the liguefled natural gas product --^^ - 
flow rate Of the total mixed refrigerant and (rr 
measured flow rate of the total 

reference is made to Figure 2, whrch shows a further 
alternative. Parts shown in rlgure 2 that are rden tr 
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numerals. In this alternative embodiment, the ratio of 
the flow rate of the liquefied natural gas product stream 
to the flow rate of the heavy mixed refrigerant is not 
determined so as to control the temperature, but it is an 
5 operator manipulated set point 96, which is a set point 

signal supplied to a third ratio controller 97. The third 
ratio controller 97 generates a first output signal 98 
using (i) the operator manipulated set point 96 for the 
ratio of the flow rate of the liquefied natural gas 

10 product stream to the flow rate of the heavy mixed 

refrigerant and (ii) the measured flow rate 60c of the 
heavy mixed refrigerant. The temperature controller 52 
generates a second output signal 91 using the operator 
manipulated set point 90 for the temperature and the 

15 measured temperature 50. The output signals are each 

multiplied with a separate weighting factor and the 
weighted signals are then added in adder 99 to obtain the 
dependent set point 95 for the flow rate of the liquefied 
natural gas product stream. 

20 Alternatively, the flow rate of the light mixed 

refrigerant is used or the flow rate of the total mixed 
refrigerant . 

Using both the ratio and the temperature to control 
the flow rate of the liquefied natural gas product stream 

25 is particularly suitable, when the flow rate measurement 

is not too accurate. When the flow rate measurement 
signal is not accurate, the weighting factor applied to 
the first output signal 98 can have a low value. 

Suitably, the liquefaction plant is provided with 

30 means (not shown) to measure the power delivered by the 

driver 16, which means can override the operator 
manipulated set point 80 for the flow rate of the heavy 
mixed refrigerant if the power delivered by the driver 16 
has reached a predetermined maximum value. The override 

35 ensures that the operator manipulated set point 80 for 
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.1-. of the heavy mixed refrigerant can no 
flow rate of the ^ J ^^^^ light 

lonaer be increased. Alternatively, 

1 !a «fri.e„„t o. t.e tot,X .ixea .e£ri,.r,„t has an 
opelto. .anipu.a»a ae. poi.t. the .e.n= can cva„..e 
one ol the latter set points. 

suitably, the driver 16 Is a 9as turbine, an. the 

,3 usea as a measure the po«er oi the rrver 

I„ the e^bodin-ent shown in rrgure 1, the frrst flow 
„tlo controller 62 controls the dependent set pornt 85 
he third £lo« rate controller 66 usin, the measured 
o ate o. the heavy »r«ed retri,erant and the oper or 
manipulated set point 80 for the ratio -^^-^Z^ Z 
„te o£ the heavy n,ixed refrigerant to the flow rate of 
thl li," .i.ed refrigerant, alternatively, thrs ratio 
' an be the ratro of the ratio of the flow rate o 

heavy .ixed refrigerant to the flow rate of t e tot 

Jd refrigerant or the ratio of the flow rat o he 
Ught ™.Ked refrrgerant to the flow rate of the total 
,0 mixed refrigerant. ^^^^^ 

Reference is now made to Figure o, 

. , , ,n alternative embodiment of the present 
schematically an alternativo „,„rt„„t 
invention, wherein the liquefied natural gas prod ct 
srleam is obtained by adding the liquefied natural gas 
„ ieavrng two identical heat exchangers arrange r a 

parallel line-up. Parts ---^"^^-^^^ ^am, 

r.^ir^^ to parts shown in Figure 1 are given 
identical to pan. rlaritv, we have 

n fnr the sake or ciaiJ-i-y, 

I—rrCr; rrcompressor, the separator and 

- - r:::::::::::::: :rs:rtantraiiy identical 

.2 and 2' In the heat exchangers 2 and 
heat exchangers, 2 and <i • i' ^ , 

^' the natural gas -^^^^^nf^^L rrLchange 
3. rrxpL:: ::;vr:i:e:\::rrgerant a„d expanded light 
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mixed refrigerant. Natural gas leaves the first heat 
exchanger 2 through conduit 100, and it leaves the second 
heat exchanger through conduit 100*. The two liquefied 
gas streams are combined to obtain the liquefied natural 
5 gas product stream that flows through conduit 31. 

The flow rates of the heavy and light mixed 
refrigerants for each of the heat exchangers 2 and 2 ' are 
controlled in the way already discussed with reference to 
Figure 1. The temperature and the flow rate of the 

10 liquefied natural gas product stream are controlled by 

the method as described in the above with reference to 
Figures 1 and 2. 

Controlling the temperature and the flow rate of the 
liquefied natural gas product stream is now discussed in 

15 more detail. A difference between the temperature 50 of 

the liquefied natural gas product stream and its operator 
manipulated set point 90 causes the temperature 
controller 52 to generate a set point signal that is the 
dependent set point 91 for the second flow ratio 

20 controller 63. Using the measured flow rate 60c'' of the 

heavy mixed refrigerant the first flow ratio controller 
generates a set point signal 95 that is the dependent set 
point for the first flow rate controller 56. A difference 
between the measured flow rate of the liquefied natural 

25 gas product stream 55 and its dependent set point 95 

causes the first flow rate controller 56 to generate an 
output signal 96 that adjusts the position of the flow 
control valve 33. The adjustment is such that the 
absolute value of the difference is below a predetermined 

30 norm- 
Here the flow rate of the heavy mixed 
refrigerant 60c*' is the sum of the flow rates 60c and 
60c' . It will be understood that in place of the flow 
rate of the heavy mixed refrigerant, one can use also the 

35 flow rate of the light mixed refrigerant or the flow rate 
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20 



25 



30 



35 



of the total mixed refrigerant. 

in order to balance the flow of liquefied natural gas 
.Hrough the conduits 100 and lOO', these conducts are 
provided with flow control valves 103 and 103 . The f lo 
Ltes in the conduits 100 and lOO' are measured, and the 
Teasure^ent signals 105a and 105a ■ are suppUed to flow 
controllers 106 and 106'. Moreover measurement 
Signals 105b and 105b. are supplied to a further flow 

controller 110. 

The flow control valves 103 and 103' are both put rn 

the fully open position, and the further flow 

the luxry f r , ,w „f fhe two measured flow 

controller 110 determines whroh of the two 

rates, 105b or lOSb' the smallest. Let the f ow 

„te 105b be the smallest. Then the flow control 

„alve 103 is .ept at its fully open position, and a 

dependent set point 122 for the flow rate of the 

liquefied natural ,as flowin, through 

J„e 103. is determined. The dependent set pornt 122 rs 
,o determrned that that the flow rate 105b. is e,ual to 

r:freren:r:etween the measured flow rate lOSa'and 
,,s set point 122 generates an output ^^^^ " 
adjusts the position of the control valve 10 The 
adjustment rs such that the absolute value of 
difference is below a predetermined norm. 

further embodiment, an imbalance in the flow 
rates of one of the refrigerant flows is also ta.en into 

ount. .s an example the flow rate of the heavy mr 
refrigerant is ta.en. These flow rates 6 and 60d 

^H^ri to the further flow controller HO. 
supplied to the ^^^^ 

The flow control valves 103 and iu^ 

the fully open position, and the further flow 

. nllL 110 determines which of the two measured flow 

lOSb i: lOSb. . the smaUest. .et now the flow 

11 Then the flow control 
rate 105b' be the smallest. Then tne 
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valve 103' is kept at its fully open position, and a 
dependent set point 120 for the flow rate of the 
liquefied natural gas flowing through flow control 
valve 103 is determined. To determine the dependent set 
5 point 120, the further flow controller 110 determines (i) 

the ratio of the measured flow rate 105b of the liquefied 
natural gas leaving the first heat exchanger to the 
measured flow rate 60d of the heavy mixed refrigerant 
supplied to the first heat exchanger 2 and (ii) the ratio 

10 of the measured flow rate 105b' of the liquefied natural 

gas leaving the second heat exchanger 2' to the measured 
flow rate 60d' of the heavy mixed refrigerant supplied to 
the second heat exchanger 2*. And then the quotient of 
the two ratios is compared with an operator manipulated 

15 set point for this quotient, which operator manipulated 

set point is set point signal 125 supplied to the further 
flow controller 110. 

A difference between the measured flow rate 105a and 
its set point 120 generates an output signal 126 that 

20 adjusts the position of the control valve 103. The 

adjustment is such that the absolute value of the 
difference is below a predetermined norm. 

Instead of using the ratio with the flow rate of the 
heavy mixed refrigerant 60d and 60d ' , the ratio can also 

25 be obtained using the flow rate of the light mixed 

refrigerant or the flow rate of the total mixed 
refrigerant . 

In a further embodiment, the flow rates of the 
liquefied natural gas from the heat exchangers 2 and 2' 

30 are balanced using the temperatures of these streams. To 

this end a temperature controller (not shown) compares 
the temperature of the liquefied natural gas in 
conduit 100 to the temperature of the liquefied natural 
gas in conduit 100'. The temperature controller first 

35 determines the stream having the highest temperature, and 
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^ rvr^-int- fnr the flow controller of that 
then adjust the set point for tne 

stream, so as to decrease the temperature of that 
liquefied natural gas stream. 

in the above described embodiments of the invention, 
the output signals for adjusting the flow rates of the 
refrigerants are determined from the ,i) the measured 
flow rates of the refrigerants and (ii) an operator 
manipulated set point for the ratio of the flow rate 
the heavy mixed refrigerant to the flow rate of the light 
.ixed refrigerant. However instead of using the measured 
flow rate of one of the other refrigerants, the operator 
manipulated set point for that refrigerant can be used. 
;,nd the same applies to determining the dependent set 
point for the flow rate of the liquefied natural gas 

15 product stream. 

in order to prevent large variations rn the 
temperature o£ the U,ue£ied natural ga. product strea. a 
la, can be introduced in the =i,hal 95 that is the set 
pornt for the flow rate of the liquefied natural gas 

90 product stream. 

The flow rates are .ass flow rates and they are 
surtably measured upstream a flow control valve. Also the 
temperature of a flow is suitably measured upstrea. a 

flow control valve. 



wo 01/81845 



- 18 - 



PCT/EPO 1/04661 



CLAIMS 

1. A method of controlling the production of a liquefied 
natural gas product stream obtained by removing heat from 
natural gas in a heat exchanger in which the natural gas 
is in indirect heat exchange with expanded heavy mixed 
5 refrigerant and expanded light mixed refrigerant, which 

method comprises the steps of: 

a) measuring the temperature and the flow rate of the 
liquefied natural gas product stream and measuring the 
flow rates of the heavy mixed refrigerant and of the 

10 light mixed refrigerant; 

b) selecting the flow rate of one of the refrigerants 
(the heavy mixed refrigerant, the light mixed refrigerant 
or the total mixed refrigerant) to have an operator 
manipulated set point, and generating a first output 

15 signal for adjusting the flow rate of the heavy mixed 

refrigerant and a second output signal for adjusting the 
flow rate of the light mixed refrigerant using (i) the 
operator manipulated set point for the flow rate of the 
one of the refrigerants, (ii) the flow rates of the heavy 

20 and light mixed refrigerants and (iii) an operator 

manipulated set point for the ratio of the flow rate of 
the heavy mixed refrigerant to the flow rate of the light 
mixed refrigerant ; 

c) adjusting the flow rates of the heavy mixed 

25 refrigerant and the light mixed refrigerant in accordance 

with the first and second output signals; 

d) determining a dependent set point for the ratio of 
the flow rate of the liquefied natural gas product stream 
to the flow rate of one of the refrigerants such that the 

30 temperature of the liquefied natural gas product stream 

is maintained at an operator manipulated set point, and 
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determining a dependent =et point for the flow rate of 
the liquefied natural gas product stream using (i> the 
dependent set point for the ratio of the flow rate of the 
Uguefied natural gas product stream to the flow rate of 
the one of the refrigerants and (ii) the flow rate of the 
one of the refrigerants; and 

e, maintaining the flow rate of the liquefied natural 
gas product stream at its dependent set point. 
2 The method according to claim 1, "herein controlUng 
the flow rate of the liquefied natunal gas product stream 
according to step d) is overridden by determining a 
dependent set point for the flow rate of the liquefied 
natural gas product stream such that the temperature of 
the liquefied natural gas is maintained at an operator 
15 manipulated set point. 

3 The method according to claim 1 or 2. wherern step b) 
comprises selecting the flow rate of the heavy mixed 
refrigerant to have an operator manipulated set pornt, 
generatrng a first output signal for adjusting the low 
rate of the heavy mixed refrigerant using the operator 
manipulated set point for the flow rate of the heavy 
mixed refrigerant, generating a second output srgnal 
adjusting the flow rate of the light mixed refrigerant 
using (i, the flow rates of the heavy mixed refrigerant 
and the light mixed refrigerant and (ill an operator 
manipulated set point for the ratio of the flow rate of 
t,e heavy mixed refrigerant to the flow rate of the light 
mixed refrigerant. 

, The method according to claim 1 or 2, wherein step b, 
comprises selecting the flow rate of the light mixed 
refrigerant to have an operator manipulated set point 
generating a second output signal for adjusting the flow 
rate of the light mixed refrigerant using the opera or 
manipulated set point for the flow rate of the light 
mixed refrigerant, and generating a first output signal 
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for adjusting the flow rate of the heavy mixed 
refrigerant using (i) the flow rates of the heavy mixed 
refrigerant and the light mixed refrigerant and (ii) an 
operator manipulated set point for the ratio of the flow 
5 rate of the heavy mixed refrigerant to the flow rate of 

the light mixed refrigerant. 

5. The method according to claim 1 or 2, wherein step b) 
comprises selecting the flow rate of the total mixed 
refrigerant to have an operator manipulated set point, 

10 and generating a first output signal for adjusting the 

flow rate of the heavy mixed refrigerant and a second 
output signal for adjusting the flow rate of the light 
mixed refrigerant using (i) the operator manipulated set 
point for the flow rate of the total mixed refrigerant^ 

15 (ii) the flow rates of the heavy and light mixed 

refrigerants and (iii) an operator manipulated set point 
for the ratio of the flow rate of the heavy mixed 
refrigerant to the flow rate of the light mixed 
refrigerant . 

20 6. The method according to any one of the claims 1-5, 

wherein the one of the refrigerants in step d) is the 
heavy mixed refrigerant. 

7. The method according to any one of the claims 1-5, 
wherein the one of the refrigerants in step d) is the 

25 light mixed refrigerant. 

8. The method according to any one of the claims 1-5, 
wherein the one of the refrigerants in step d) is the 
total mixed refrigerant. 

9. The method according to any one of the claims 1-5, 
30 wherein step d) comprises generating an output signal 

using (i) an operator manipulated set point for the ratio 
of the flow rate of the liquefied natural gas product 
stream to the flow rate of one of the refrigerants and 
(ii) the flow rate of the one of the refrigerants; 
35 generating a second output signal using an operator 
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manipulated set point for the temperature and the 
measured temperature; and muitipiyin, = 
„ith e wei,htin, factor and addin, the ""^^"^ ^ 
to obtain a dependent set point for the flow rate of the 
liquefied natural gas product stream. 
10 The method according to claim 9, "herein the one 
the refrigerants is the heavy mixed refrigerant. 
XI The method according to claim 9, wherein the one of 
the refrigerants is the light mixed refrigerant. 
, 12 The method according to claim 9, wherein the one 

the refrigerants is the total mixed refrigerant. 
13 The method according to any one of the claims 1-12, 
„herein the mixed refrrgerant used to remove heat from 
he natural gas Is compressed .y a compressor driven y 
suitable driver, which method further oomprrses the steps 
of measurrng the power delivered by the driver and 
overriding the operator manipulated set P-"^ ° 
now rate of one of the refrigerants of step b, i the 
power has reached a predetermined --- J ' 
,0 that the operator manipulated set point for the tlo 

of one of the refrigerants can no longer - - 

14 The method according to claim 13, wherein the drrver 
isa gas turbine, and wherein the temperature of the gas 
I the exhaust of the gas turbine is used as a measure of 

25 the power of the driver. 

15 The method of controlling the production of a 
iquefled natural gas product stream obtarned by removrng 
Jt from natural gas in two parallel heat exchangers, 
rereln in each of the heat exchangers the natural gas rs 
in indirect heat exchange with expanded heavy mrxed 

' refrigerant and expanded light mixed refrigerant, wherein 

the liquefied gas from the, two heat exchangers iS 
combined to form the liquefied natural gas product 
3„eam, wherein the flow rates of the refrigerants 
35 supplied to each of the heat exchangers and the 
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temperature and the flow rate of the liquefied natural 
gas product stream are controlled by the method according 
to any one of the claims 1-14, and wherein the flow rate 
of one of the refrigerants referred to in step d) is the 
5 sum of the flow rates of this refrigerant to the heat 

exchangers^ which method further comprises the steps of: 

1) allowing the liquefied natural gas from each of the 
heat exchangers to pass through a conduit provided with a 
flow control valve, and measuring the two flow rates of 

10 the liquefied natural gas flowing through the conduits; 

2) fully opening the flow control valves, selecting the 
valve through which, when fully opened, the flow rate of 
the liquefied natural gas is smallest, and keeping that 
valve at its fully opened position; 

15 3) determining a dependent set point for the flow rate 

of the liquefied natural gas flowing through the conduit 
provided with the other valve such that this flow rate 
equals the measured flow rate of the liquefied natural 
gas flowing through the conduit provided with the valve 

20 at its fully opened position; and 

4) maintaining the flow rate of the liquefied natural 
gas from the second heat exchanger at its dependent set 
point . 

16. The method according to claim 15, wherein step 3) 
25 comprises determining a dependent set point for the flow 

rate of the natural gas flowing through the conduit 
provided with the other valve using the measured flow 
rates of the liquefied natural gas from the first and 
second heat exchangers, the flow rates of one of the 
30 refrigerants supplied to the heat exchangers, and an 

operator manipulated set point for the quotient of (i) 
the ratio of the flow rate of the liquefied natural gas 
leaving the first heat exchanger to the flow rate of one 
of the refrigerants supplied to the first heat exchanger 
35 and (ii) the ratio of the flow rate of the liquefied 
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„.tu„l ,.s leav.n, t.e second heat a,<=ha„,« to the no„ 
.ate that refrigerant suppUed to the sacohd heat 

exchanger. . ^4.^r^c 9^ 

1, The method according to claim 15, wherexn steps 2). 

3, 'and comprise comparing the measured temperature o£ 
e irguefied natural gas from the first heat exchange 

I ,ne temperature of the liguefied natural gas from he 
econa heat exchanger, determining the stream havrng the 

highest temperature; maintaining the flow rate of 
li<,uefred natural gas stream having the lowest 
temperature at its operator manipulated Pornt, 
.etLmining a dependent set point for the flow rate of 
the stream having the highest temperature, so as to 
aecrease the temperature of that liquefied natural gas 
stream, and maintaining the flow rate of that stream at 
its dependent set point. 
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